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BABAM1基因在细胞中本身作为 BRCA1 基因的 DNA链断裂修复复合体的组成部分，
其在细胞代谢中的功能却并不明了。本文首先通过免疫共沉淀与蛋白组学手段，
筛选出与 BABAM1 基因相互作用的基因 PHGDH——这一在丝氨酸合成通路中一个
重要的限速酶。 随后通过分子生物学手段进一步阐述了当处于葡萄糖能量供应





























Cancer has become the most serious threat towards human health over the past 
decades. With the industrialization of morden society, genetic factors interact with 
environmental factors, including those brought about by changes in living styles, 
playing roles as the major contributor to the pathogenesis of cancer. Considering 
breast cancer is the most common type of cancer among women, inverstigation of the 
intrinsic signaling pathways among breast cancer cells using ecotoxicology tools such 
as LC-MS will be of great significance. Recent discoveries have revealed that serine 
synthesis pathway can provide the cancer cells with extra energy and building blocks 
of biomacromolecules, making serine metabolism a hot spot in cancer research fileds. 
The BABAM1 gene was found as a member of BRCA1-A DNA damage repair 
complex, but its function in cell metabolism remains unexplored. In our study, 
PHGDH, a rate-limiting enzyme catalyzing the first step of serine biosynthesis, is 
identified as an interacting protein of BABAM1 by immunoprecipitation and 
proteomic analysis. The interaction between PHGDH with the VWFA domain of 
BABAM1 was enhanced with the absence of glucose, elevating the catalytic activity 
PHGDH. In addition, evidence has shown that the interaction between PHGDH and 
BABAM1 might be inhibited by the phosphorylation through PKCζ. Moreover, by 
using Q-Exactive™ Hybrid Quadrupole Orbitrap LC-MS, we were able to trace the 
metabolites within the breast cancer cells with stable isotopes. Loss of BABAM1 
reduced flux to TCA cycle from L-glutamine due to impaired function of PHGDH. 
Damaged cellular redox homeostasis indicated by significantly reduced GSH/GSSG 
ratio was found in cells deficient of BABAM1, rendering these cells vulnerable to 
glucose deprivation. All these findings suggest that BABAM1 is critical in serine 
synthesis pathway, providing new avenue for better understanding of cancer 
metabolism and development of drugs to treat breast cancer. 
 
















CHAPTER 1 Introduction 
1.1 乳腺癌概况 
1.1 About breast cancer 
1.1.1 乳腺癌的简介 















计癌症 80%以上是环境因素所致）。据报道，癌症在 2012 年已经成为全球发病
率及死亡率最高的疾病之一[1]，并且预测在未来 20年内将以 70%的速度进行增
长。在 2015 年，癌症已经成为全球第二大死亡因素[2]，每六个死者中便有一名



















病人数为 167.1万例，占癌症发病总人数的 12%，位列第二（如图 1.1 所示），
而由乳腺癌致死人数为 52.1万例，占癌症病死总人数的 6.4%，位列第五（如图
1.2 所示）。乳腺癌的发病具有明显的性别差异，男性人群仅占到总病例的 1%





Global cancer overservatory, http://gco.iarc.fr/,2017 
图 1.1 2012 年全球不同癌症种类发病病例占比 

















Global cancer overservatory, http://gco.iarc.fr/,2017 
图 1.2 2012 年全球不同癌症种类致死病例占比 




Global cancer overservatory, http://gco.iarc.fr/,2017 
图 1.3 2012 年全球不同癌症种类在女性中发病病例占比 

















Global cancer overservatory, http://gco.iarc.fr/,2017 
图 1.4 2012 年全球不同癌症种类在女性中致死病例占比 
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